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Electromagnetic shielding panel. 

© 1 he -n\ r : -.::on concerns an electromagnetic shielding panel 
i'i| for ai:er.ya!ing eleciromagnelic radiation typically "in the 
frequency range 20 MHz to 10.000 MHz. In one embodiment of 
the invention, the panel comprises a. laminate of two panes of 
glass (2)(9) one of which includes an electroconductive coating 
(3) sandwiched between the two sheets of glass is a plastics 
mterlayer (1) into which is embedded four strips of fine 
electroconductive mesh (4.5.6.7) which lie along the edge of the 
laminate (8) and which are in electrical contact with the coating 
(3). In another embodiment of Ihe invention, the coated glass 
includes peripheral bus bars (11) which are in electrical contact 
with the coaling (3). The mesh (4.5.6.7) and bus bars (11) are 
arranged to make electrical contact with a metal frame (10) 
which may be earthed (12). Alternatively, no direct mechanical 
contact is made between the frame (10) and the coating (3) and 
a capacitive coupling (cc) suffices. 
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Description 



ELECTROMAGNETIC SHIELDING PANEL 



Tr..j .".'.er.:::n re-ases Jo electromagnetic shielding 
ca-o's ana \r. particular. *o translucent electromag- 
netic shielding panels commpnsing a pane of coated 5 
glass or plastics. 

Glass and transparent plastics are translucent to 
short wave electromagnetic radiation, i.e. radiation 
having a frequency sn the range 20 to 10000 MHz. so 
that stray emissions from electronic data processing jo 
equipment can escape through windows and be 
detected outside. Such escape prejudices the 
secuVy cf information being processed. More- 
over, entry of extraneous electromagnetic signals, 
such as radar signals, through the windows of rooms . 75 
housing electronic data processing equipment can 
effect the proper operation of the equipment. 

It is known that the transmission of short wave 
electromagnetic radiation through windows can be 
prevented or at least reduced by providing the 20 
window with a continuous electroconductive layer 
and earthing the layer all around the periphery of the 
window to provide an electromagnetic shielding 
window. 

A number of glass products incorporating electro- 25 
conductive layers have been offered for use in 
electromagnetic shielding windows. One such pro- 
duct is glass carrying an indium tin oxide coating 
having a sheet resistance in the range 4 to 6 ohms 
per square. Such coatings may be deposited by 30 
. reactive sputtering but. in order to obtain the high 
conductivity (low resistance) required, it is necess- 
ary to heat the glass substrate. Suitable apparatus 
for coating large areas of glass is expensive; the 
coatings are therefore generally deposited in rela- 35 
tively small areas and are expensive to apply. 

Another known product is laminated glass incor- 
porating a layer of fine metal mesh in a plastics 
mterlayer between two panes of glass. Unfortu- 
nately, the mesh not only reduces the light trans- 4C 
mission through the laminate but also obscures the 
view. Moreover, because the fine metal mesh is 
c»r:~~3:ve. laminates incorporating the mesh are 
expensive to produce. 

I; has also been proposed to apply a polyester film 45 
carrying a sputtered coating of a metal or metal alloy 
such as titanium, stainless steel, bronze, sterling 
silver or 24 carat gold to glass with the coated face 
of tne film towards the glass to provide an 
electromagnetic shield. Unfortunately, it is difficult to 50 
make electrical contact with the coating on the film 
without damaging the film, so that there are 
problems in earthing the coating. 

There is a need for a high performance translucent 
electromagnetic shielding panel which can be pro- 55 
duced economically with good optical properties. 

According to the present invention there is 
provided a translucent electromagnetic shielding 
panel comprising a pane of glass carrying a coating 
comprising a siiver layer having a thickness in the 60 
range- 15 nrr« to 50 nm and a protective layer over the 
^:iver vv»:n v : -;-ci*'Ca! connection means in electrical 
C-n:r : r: \\-.:r. :r.j we: layer a!! arc^d i^.e periphery 



of the coating 

The use of the silver coated glass referred to 
herein as a light translucent shield against electro- 
magnetic radiation having a frequency in the range 
20 to 10000 MHz is novel and forms part of the 
present invention. 

The use of a silver layer having a thickness of at 
least 15 nm enables a .coating with a sheet 
resistance of less than 5 ohms per square to be 
achieved. Preferred coatings have a silver layer at 
leas? 22 5 nm thick to provide even lower sheet 
resistance. Unfortunately, the thicker the silver layer, 
the greater the cost of the coating and the lower the 
light transmission of the coated glass. Thus the 
silver layer preferably has a thickness of less than 40 
nm. Especially preferred coatings have a silver layer 
having a thickness in the range 22.5 nm to 30 nm. 

To enhance the light transmission of the coated 
glass, the silver layer may be sandwiched between 
anti-reflection layers of metal oxide, the outer layer 
also serving to protect the silver. Examples of metal 
oxide which may be used include titanium oxide, tin 
oxide, indium tin oxide, zinc oxide and bismuth 
oxide. The anti-reflection layers will generally each 
have a thickness in the range 20 nm to 60 nm. It is 
preferred to use tin oxide for the anti-reflection 
layers and. for optimum light transmission, the tin 
oxide layers will each have a thickness in the range 
30 nm to 50 nm depending on the thickness of the 
silver layer. 

The silver coatings referred to above can be 
deposited by magnetically enhanced sputtering as 
described in UK patent GB 2 129 83 1B. 

The siiver coatings are not very durable and are 
preferably protected by incorporating the coated 
pane in a laminate, or alternatively, a multiple glazing 
unit, with the coating facing inwards. 

It will usually be necessary for the electrical 
connection means to be a mechanical coupling in 
order to achieve the required electrical connection 
with the coating. To achieve superior reductions in 
electromagnetic radiation, through the electromag- 
netic shielding panel, a direct mechanical coupling is 
generally necessary between an electroconductive 
surround means in the form of a metal frame 
supporting the glass and the coating. The electrical 
connection means in this case may take the form of a 
fine mesh or bus bar. However, in some cases 
elctrical connection means in the form of a capaci- 
tive coupling between the coating and the metal 
frame (preferably overlapping the coating), around 
the periphery of the coated glass may provide 
sufficient electrical coupling, and a direct mechan- 
ical coupling using either the mesh or bus bar 
technique will be unnecessary. The metal frame may. 
if required, be electrically coupled to earth. 

In the circumstances when a capacitive coupling 
is employed, the attenuation offered by the panel to 
e!ectromagnetic radiation may vary considerably in 
dependence upon the thickness of the glass . 
em:;:cy---d. «he type of n\o\:i\ Uvr.n supporting the 
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glass (i.e. the degree of overlap with the coating), 
and the frequency range of electromagnetic radia- 
tion concerneG 

As a general guide, however, it is possible to 
obtain substantial attenuation of electromagnetic 5 
radiation with capacitive coupling in the range from 
200 MHz upwards to 10.000 MHz averaging between 
20 to 25dB. These attenuation figures progressively 
reduce at frequencies below 200 MHz. 

When electrical connection means in mechanical w 
contact with the coating is used to provide the 
required electrical contact with the coating at least 
partly around the periphery of the coating, the 
electrical connection means may be. for example, in 
the form of bus bars; the bus bars may be printed ?5 
onto the coated glass using a UV-curable electron- 
conductive epoxy ink and the ink cured by exposure 
to ultra-violet light. The bus bars mey extend around 
the edges of the glass pane to its opposite face. The 
high contact resistance between the bus bars and 20 
the silver layer of the coating (resulting from the 
presence of the protective layer over the silver) may 
be reducea by applying a high voltage between the 
coating and the bus bars (as described, for example, 
in US patent 4,459.470). In another form of the 25 
invention, the coated glass is laminated with its 
coated face inwards to protect the coating, and a 
border of fine electroconductive mesh, for example 
fine wire mesh, is sandwiched between a plastics 
. interlayer and the coating in electrical contact with 30 
the silver layer around the whole periphery of the 
coating. 

The invention is illustrated but not limited by the 
following description of the production of a translu- 
cent elctromagnetic description of the production of 35 
a translucent electromagnetic shielding panel in 
accordance with the invention. 

A sheet of 3 mm clear float glass was coated by a 
magnetically enhanced sputtering process as de- 
scribed in . UK patent GB 2,129,831B. 40 

The glass pane was washed and dried and loaded 
into an Airco ILS 1600 D.C. planar magnetron 
sputtering apparatus. Tin oxide (SnC>2) was reac- 
tively sputtered on to the glass from a tin cathode in 
the presence of an oxygen atmosphere at 5 x 10- 3 45 
torr to give a tin oxide layer approximately 35 nm 
thick. A layer of silver approximately 25 nm thick was 
then sputtered onto the tin oxide from a silver 
cathode in the presence of an argon atmosphere at 4 
x 10- 3 torr. and aluminium in an amount equivalent 50 
to a layer approximately 2 nm thick was sputtered 
over the silver from an aluminium cathode in the 
presence of an argon atmosphere at 4 x 10~ 3 torr. 
Finally, a layer of tin oxide approximately 38 nm thick 
was reactively sputtered over the aluminium from a 55 
tin cathode in the presence of an oxygen atmos- 
phere at 5 x 10- 3 torr. 

The coating produced was analysed by Auger 
electron spectroscopy, as described in UK patent 
GB 2 129 831 B, and the thickness of the various 60 
layers estimated from the resultant spectrum as 
follows: 

Lower tin oxide layer 35 nm 

Silver layer 25 nm '65 



Aluminium oxide layer 7 nm (equivalent to a laver 
ot aluminium 2 to 3 nm thick) 
Outer tin oxide layer 34 nm 

The sheet resistance of the coating was measured 
by the 4 point probe method, and the optical 
properties of the coated glass were measured using 
light from a CIE Wuminant C Source on the side of 
the glass remote from the coating: 

Light transmission 52% 

Light reflection 330/0 

Direct solar heat transmission 290/o 

Solar heat reflection 490/0 

Solar heat absorption 22% 

Total solar heat transmission 33<Vr> 

Emissivity of coating 0.015 

Sheet resistance 2.5-3.0 ohms per square 

A pane 1500 mm x 450 mm was cut from the coated 
sheet and laminated to a 3 mm pane of clear float 
glass with an interlayer of polyvinylbutyrai. Strips of 
fine electroconductive wire mesh were incorporated 
in the laminate in electrical contact with the coating 
along all four sides of the pane to form a border in 
electrical contact with the coating around the 
periphery of the coated pane. The resultant laminate, 
and its production from the coated pane, will now be 
described with reference to the accompanying 
drawings in which 

Figure 1 is a plan view of a translucent 

electromagnetic shielding panel in accordance 

with the invention in the form of a laminate ; 
Figure 2 is a section on an enlarged scale on 

the line f I— Iff in Figure 1 ; 

Figure 3 shows a section of a laminate as 

shown in Figure 1 mounted in a supporting 

frame illustrating direct . mechanical contact 

using fine mesh; 

Figure 4 shows the same section as Figure 3 

illustrating direct mechanical contact using bus 

bars; and. 

Figure 5 shows the same section as Figure 4 
illustrating diagrammatically the capactive 
coupling arrangement. 
The laminate, generally designated 1. comprises a 
first pane of glass 2 carrying the electroconductive 
coating 3. Four strips of fine electroconductive 
mesh. 4,5,6 and 7 lie along the edges of the laminate 
in electrical contact with the coating 3 and forming a 
border around the periphery of the laminate. The 
strips 4.5.6 and 7 extend beyond the edges of the 
pane 1 around the whole periphery of the coated 
pane, and overlap slightly at the comers to ensure 
thare are no gaps between therr,. 

The electroconductive mesh is embedded in a 
plastics interlayer 8 over the coated surface of the 
glass, and the plasties interlayer is, in turn, covered 
by a pane of uncoated glass 9. The electroconduc- 
tive mesh extends beyond the edge of the laminate 
around the whole periphery of the laminate, enabling 
the coaling to be earthed around its periphery, for 
example.' by glazing in a window frame or support 
means for the glass of electroconductive metal with 
the electroconductive mesh in contact with the 
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metal around the whole periphery of the iaminate. 

To produce the laminate, a pane of uncoated 3 mm 
clear float glass was cut to the same plan size as the 
coated pane referred to above and a rectangular 
sheet of 0.76 mm polyvinylbutyral. also 1500 mm x 
450 mm. was laid over the uncoated pane in register 
with the pane. Four strips of WRAPSHIELD knitted 
wire mesh 25 mm wide and 0.4 mm thick were cut to 
length and laid along the edges of the pane as 
indicated in Figure 1. with a small overlap at the 
corners. The strips were laid so as to overlap the 
uncoated glass pane by 10 mm and extend 15 mm 
beyond the edges of the pane. (The WRAPSHIELD 
mesh used was a knitted mesh of tin plated, copper 
clad stee! wii e. and had a mesh size of about 1 mm. It 
is available in commerce from RFI Shielding Limited 
of Braintree. Essex. England). A soldering iron was 
used to weld the polyvinylbutyral to the metal mesh 
at intervals around the periphery of the polyvinylbu- 
tyral. The cut pane of coated 3 mm clear float glass, 
1500 mm x 450 mm. was then placed over the 
polyvinylbutyral and the mesh, in register with the " 
polyvinylbutyral and the uncoated glass pane, and 
the assembly so formed 'pre-nipped" by passing it 
between a series of_pairs of opposed press rollers 
with radiant heaters between adjacent pairs of 
rollers. The assembly was heated to a temperature in 
the range 120°C to 130°C and pressed under a load 
of 560kPa (80 psi). It was then heated in an autoclave 
at a temperature of 135° C and a pressure of 630kPa 
(90 psi) to form a laminate with good electrical 
contact between the metal mesh and the coating. 
(To check the electrical contact, a similar laminate 
was produced with the strips of electroconductive 
along two opposite edges only. The contact resist- 
ance between the strips of mesh and the electrocon- 
ductive coating was found to be 1 ohm). 

The resultant laminate constituted a high perfor- 
mance translucent electromagnetic shielding panel 
in accordance with the invention, with an attenuation 
of over 30 decibels throughout the range 20 to 
10.000 MHz (when mechanically connected), and an 
attenuation of over 40 decibels in the range 20 to 90 
MHz (when mechanically connected). The laminate, 
;n common with the unlaminated coated glass, also 
has extremely beneficial optical properties as set out 
below: 

Light transmission 42% 

Light reflection 42% 

Direct solar heat transmission 25°/o 

Solar heat reflection 51% 

Solar heat absorption 240/o 

Total solar heat transmission 33% 

(measured using a CIE llluminar.t C Source, with the 
uncoated surface of the coated pane towards the 
source). 

It will be noted that, for both the free standing 
coated glass and the laminated coated glass having 
a silver layer of thickness 150 nm to 500 nm 
(preferably 225 nm to 300 nm) sandwiched between 
an;i-re'ieciion metal oxide layers, the light trans- 
mission is greaier than the solar heat transmission. 
Thus -he coated glasses referred to herein are useful 
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not only j n electromagnetic shielding panels, but 
also for high performance solar control glazings. 

It will be seen by reference .to Figure 3 and Figure 
4. how the electrical connection means is a direct 
mechanical coupling in the form of a fine mesh 4 (as 
shown in Figure 3) and a bus bar 1 1 (as shown in 
Figure 4) in electrical contact with the coating 3. It 
will also be seen how the mesh 4 and bus bar 1 1 are 
in electrical contact with the metal frame 10. This 
frame may. if required, also be electrically coupled to 
earth as indicated by reference 12. When using a bus 
bar as illustrated in Figure 4, an electrically conduc- 
tive, flexible gasket (comprising typically a fine metal 
mesh or metal loaded rubber) may be sandwiched 
between the metal frame 10 and the bus bars 1 1 to 
improve the electrical contact wilh the frame. 

By referring to Figure 5. is will be seen that when 
either the mesh 4 or the bus bars 11 are not used, 
the electrical connection is constituted by a capaci- 
tive coupling means CC inherently present between 
the coating 3 and the electroconductive surround 
means 10. As previously mentioned, this capacitive 
coupling arrangement is quite sufficient to provide 
sufficient electrical coupling for the electromagnetic 
shielding panel to provide substantial attenuation of 
electromagnetic radiation in the range from 200 MHz 
upwards to 10,000 MHz. Attenuation in these 
circumstances is 20db to 25 db. 

From Figure 3 and Figure 4. it can also be seen 
how electromagnetic radiation source ES follows a 
transmission path TP towards the electromagnetic 
shielding panel 1. The panel 1 attenuates the 
electromagnetic radiation, as has previously been 
discussed, in such a manner that the electromag- 
netic radiation on the side of the panel opposite the 
radiation source ES is substantially reduced. 
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1. A translucent electromagnetic shielding 
panel (1) comprising a pane of glass (2) carrying 
a coating (3) comprising a silver layer (3) having 
a thickness in the range 15 nm to 50 nm and a 
protective layer over the silver, with electrical 
connection (4.5.6 t 7)(1 1)(cc) means in electrical 
contact with the silver layer (3) all around the 
periphery of the coating. 

2. A panel as claimed in claim 1, wherein the 
coating (3) comprises a silver layer (3) having a 
thickness between 20 nm to 30 nm. 

3. A panel as claimed in claim 1 wherein the 
coating (3) comprises a silver layer (3) having a 
thickness of at least 22.5 nm. : 

4. A panel as claimed in claim 1. 2 or 3 
wherein the silver layer (3) is sandwiched 
between anti-reflection layers of metal oxide. 

5. A panel as claimed in claim 4 wherein the 
anti-reflection layers are of tin oxide. 

6. A panel as claimed in claim 5 wherein each 
tin oxide anti-reflection layer has a thickness in 
Jhe range 30 nm to 50 nm. 

7. A panel as claimed in any of the preceding 
cia;rns which is a laminated panel with the silver 
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coated face (3) of the coated pane facing 
inwards, and the electrical connection means 
(4.5.6.7)( 1 1 ) is sandwiched between. a plastics 
interlayer (8) and the coding (3) and is in 
electrical contact with the silver layer around 5 
the whole periphery of the coating. 

8. A panel as claimed in any of claims 1 to 6. 
which is a multiple glazing unit with the silver 
face (3) of the coated pane (2) facing inwards 

and the electrical connection means w 
(4.5.6.7)(1 1)(cc) in electrical contact with the 
silver layer around the whole periphery of the 
coating. 

9. A panel as claimed in claims 7 or 8. in which 

the electrical connection means comprises bus 75 
bars (Hi in electrical contact with the silver 
layer (3) around the periphery of the coating. 

10. A panel as claimed in claim 9, in which the 
bus bars (11) extend around the edges of the 
coated glass pane (2) to its opposite face. 20 

1 1 . A panel as claimed in claims 7 or 8 in which 
the electrical connection means comprises a 
border of fine electroconductive mesh (4,5,6.7) 
in electrical contact with the silver layer (3) 
around the periphery of the coating. 25 

12. A panel as claimed in claim 11, wherein the 
border of electro-conductive mesh (4,5,6,7) 
extends beyond the edges of the coated pane 
along each side of the coated pane (2). 

13. A panel as claimed in any of the preceding 30 
claims which comprises additionally an electro- 
conductive surround means (10) for supporting 

the pane of glass (2), wherein the electrical 
connection means (4,5.6,7)(1 1)(cc) provides an 
electrically conductive path between the silver 35 
layer (3) and the electroconductive surround 
means (10) for electromagnetic radiation (ER) 
captured by the panel (1 ). 

14. A panel as claimed in any of claims 1 to 6 in 

an electroconductive surround means (10) in 40 
which the electrical connection means is con- 
stituted by capacitive coupling (cc) between the 
coating and the electroconductive surround 
means (10). 

15. The use of a panel as claimed in any of 45 
claims 1 to 13 as a light translucent shield 
against electromagnetic radiation (ER) having a 
frequency in the range 20 MHz to 10000 MHz. 

16. The use of a panel as claimed in any of 
claims 1 to 14 as a light translucent shield 50 
against electromagnetic radiation (ER) having a 
frequency in the range 200 MHz to 10000 MHz. 

17. A panel as claimed in claims 13 or 14 
wherein the electroconductive surround means 

(10) is coupled to earth (12) and wherein the 55 
insertion of said panel in the transmission path 
(TP) of electromagnetic radiation (ER) emanat- 
ing from an electromagnetic radiation source 
t'ES) provides a substantial reduction in the 
electromagnetic radiation (ER) present on the_ 60 
side of the panel opposite the said radiation 
source (ES) and provides an electrically con- 
ductive path to earth (12) for said electromag- 
netic radiation (ER). 
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